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PREFACE 


This  report  is  one  of  s  series  of  six  presenting  the  results  of  an 
experimsntal  and  theoretical  investigation  of  circular  arrays  of  antennas. 
The  objects  of  the  investigation  were  to  demonstrate  that  circuit  and 
radiation  properties  can  be  accurately  predicted  for  arrays  of  physically 
real  elements  (as  die  tinguished  from  the  idealised  elements  usually 
assumed  in  conventional  theory)  over  a  wide  range  of  element  lengths, 
diameters,  spacings,  etc.,  to  tabulate  the  useful  results  for  small  arrays; 
and  for  larger  arrays ,  to  reduce  the  theory  to  a  relatively  simple  form 
fer  engineering  applications . 

All  of  the  theoretical  results  were  obtained  from  the  quasi-seroth- 
order  theory  recently  worked  out  by  King.  The  investigation  shows  that 
this  theory  will  accurately  predict  driving  point  admittances  and  radiation 
patterns  for  real  radiating  elements  which  are  less  than  about  1.2  X 
in  length.  In  contrast,  the  commonly  used  seroth  order  theory  never 
gives  the  correct  driving  point  admittances,  and  will  accurately  predict 
radiation  patterns  only  when  the  elements  are  not  longer  than  \/2  and 
are  in  nearly  identical  electrical  environments . 

The  general  title  of  the  report  is  "A  Study  of  Circular  Arrays". 
The  six  parts,  which  are  Issued  as  separate  technical  reports  for  conveni¬ 
ence,  are: 


T.R.  No.  381 
T.R .  No.  382 
T.R.  No.  ?83 
T.R.  No.  384 


T.R.  No.  385 
T.R.  No.  366 


"Experimental  Equipment" 

"Self  ar.d  Mutual  Admittances" 

"Radiation  Patterns  and  Current  Distributions" 
"Tables  of  Quasi-Zeroth-Order  M>*&(h),  Tm(h), 
T,ra(X/4),  A  dmittances,  and  Quasi  -  First-Order 
Susceptances" 

"Tables  of  E(h,s),  C(h,s),  S(h,s)  For  Circular 
Arrays  of  Up  to  Five  Elements" 

"Plan  for  Practical  Application  to  Arrays  of 
Twenty  or  F  ewer  Elements" 
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ABSTRACT 

Construction  details  iri  given  for  experimental  equipment  designed 
to  permit  meesurement  of  the  self  and  mutual  admittances,  currant 
distributions  along  the  radiating  elements,  and  far  field  radiation  patterns 
of  small  antenna  arrays ,  The  antennas  are  formed  by  extending  the 
longitudinally  slotted  inner  conductor  of  a  rigid  coaxial  line  beyond  a 
large  groundplane  while  terminating  the  outer  conductor  on  the  ground- 
plane  .  A  small  balanced  loop  probe  can  be  moved  along  the  slot  to 
sample  the  tangential  magnetic  field  near  the  conductor.  Measurement 
errors  due  to  the  probe  are  discussed.  The  array  under  test  can  be 
rotated  by  means  of  a  turntable  which  is  described.  Radiation  patterns 
are  measured  by  transmitting  with  the  array  under  test  and  receiving 
with  a  corner  reflector  antenna  mounted  on  the  groundplane  but  in  the 
far  field  of  the  array.  Although  designed  for  663  Mcps  the  equipment 
will  operate  ovsr  a  wide  range  of  frequencies. 
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CHAPTER  1 

EXPERIMENTAL  EQUIPMENT 

I.  i  Introduction 

The  equipment  to  be  deecribed  in  the  following  sections  wee  de«' jned 
to  permit  meeaurement  of  aelf  end  mutuel  edmittencea,  current  diatributions 
along  the  redieting  elements,  end  fer-field  horiaontel-plene  redietion 
petterna .  The  design  ia  besed  on  aomewhet  aimiler  equipment  developed 
previously  et  Herverd  [1,2,3]  which,  however,  could  not  be  uaed  to 
meeaure  redietion  petterna.  Basically,  the  epperetua  conaiata  of  rigid 
coaxial  lines  with  outer  conductor  a  terminated  on  e  groundplane  end 
longitudinally  Blotted  inner  conductors  extending  beyond  the  groundplane 
surface  to  form  the  radiating  elements.  These  lines  ere  mounted  in  a 
turntable  which  can  be  rotated  through  360°  to  permit  measurement  of 
radiation  petterna.  The  top  of  ths  turntable  ia  a  circular  disk  whose 
top  surface  fits  flush  with  the  free  space  surface  of  the  groundplane 
through  a  circular  opening  in  the  groundplane.  A  corner  reflector 
antenna  io  mounted  on  the  groundplane  sufficiently  far  from  the  cir¬ 
cular  disk  to  be  in  the  far  field  of  any  arrays  to  be  uaed.  A  small 
balanced-loop  probe  moving  in  the  slotted  inner  conductor  of  the  coaxial 
line  can  be  used  to  measure  the  relative  tangential  magnetic  field  in 
the  vicinity  of  the  conductor  and  hence  the  surface  current  along  the 
conductor.  From  a  knowledge  of  this  current  distribution  along  the 
coaxial  line_.tke  apparent  admittances  terminating  the  line  can  be  found. 

When  the  probe  is  moved  along  that  part  of  the  inner  conductor  which  is 
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extended  beyond  the  groundplane  the  relative  current  distributions  rlong 
the  radiating  elements  are  obtained.  This  experimental  model  has 
been  extensively  analysed  by  King  [  4]  and  correlated  with  the  usual 
theoretical  model  of  thin  dipoles  center  driven  by  a  discontinuity  in 
scalar  potential. 

Although  the  equipment  will  operate  over  a  wide  range  of  fre¬ 
quencies,  it  was  specifically  built  for  600  to  BOO  Mcps.  This 
choice  represents  a  compromise  of  several  opposing  factors.  As  the 
frequency  is  increased,  coaxial  Use  terminal-xone  effects  [  5]  become 
more  important,  maximum  probe  sixes  decrease,  critical  machining 
tolerances  decrease,  reflections  from  groundplane  irregularities  become 
more  important,  and  the  uncertainty  in  distance  measurements  becomes 
a  significant  part  of  a  wavelength.  As  the  frequency  is  decreased,  the 
required  coaxial  lines  and  groundplane  sise  become  larger  for  a  given 
measuring  accuracy  and  the  antenna  length  beyond  the  groundplane 
becomes  longer  making  it  more  difficult  to  hold  straight. 

If  the  approximate  range  of  terminating  admittances  to  be  measured 
is  known,  the  characteristic  admittance  of  the  measuring  line  should  be 
chosen  to  give  standing  waves  convenient  for  the  measuring  procedure 
to  be  used.  However,  this  consideration  must  be  tempered  by  several 
additional  requirements.  The  probe  actuating  rod  must  maintain  a  good 
sliding  contact  with  the  inner  surface  of  the  brass  tube  used  as  coaxial 
line  inner  conductor  and  antenna.  Only  a  few  such  tubing  combinations 
are  available  and  this  determined  the  antenna  diameter  of  0. 2500"  . 

An  outer  conductor  must  now  be  used  whose  inner  diameter  io  sufficiently 
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Urge  to  contain  tho  probe  and  whatever  material  ia  used  to  support 
the  i'.mer  conductor-  The  inner  diameter  of  the  outer  conductor  ahould 
also  be  aa  email  possible  tr  reduce  the  end  effecta.  A  compromiac 
of  theae  require. oe  it '  Vad  to  an  outer  conductor  with  an  inner  diameter 
of  0.7500”  ,  so  that  ’••iUo  ci  the  inner  diameter  of  the  outer 
conductor  to  ihe  outer  diameter  of  the  inner  conductor,  b/a  ,  '-'aa  3  . 

In  orde.  v  •  wide  identical  antennae  for  a  five  element  array, 
i  ye  oi  the  moaour.ng  .ine  and  antenna  aaaembliea  dercribod  in 
Sections  1. 1  and  •  ;  were  constructed.  Theae  were  made  mechanically 

»  the  within  tfo'  r.achit.;  -.g  tolf » ancea. 

1 .  '£  Measuring  Li.tg  a..d  Antennae  -  Mechanical  Characteristics 

Assembly  and  conetruction  detaila  of  the  meaauring  line  and 
antennas  are  shown  in  Figa.  1-1  -  1-6  .  The  important  featurea  of 
the  coaxial  meaauring  line  ia  a  longitudinally  alotted  inner  conductor 
which  can  be  extended  precisely  measured  amounts  beyond  the  outer 
conductor  uy  means  of  vhe  Antenna  Adjustor  Carriage  (Figs.  1-1,  lt-3, 
l-6(f)  )  and  a  amall  5  uanced  Loop  Probe  (Figa.  1-5,  l-7(b)  )  which 
can  be  moved  along  the  alotted  inner  conductor  by  means  of  the  Probe 
Actuating  Rod  (Fig.  1-1)  and  Probe  Adjustor  Carriage  (Figa.  1-1,  1-3, 
l-6(f)  )  •  Power  picked  up  by  this  probe  ia  transmitted  to  a  Type  N 
connector  on  the  Probe  Adjustor  Carriage  (Fig.  1-1)  by  means  of  a 
coaxial  line  formed  by  replacing  the  outer  conductor  of  RG-38/U 
coaxia;  cable  with  the  Probe  Actuating  Rod. 

Power  is  fed  to  the  measuring  line  through  a  Feeding  Stub  (Figa . 
1-1,  l-l,  1  - 6(a)  )  whose  inner  conductor  makes  a  sliding  contact  with 


the  0.2500"  diameter  inner  conductor  of  the  measuring  line.  The 
bottom  end  of  the  measuring  line  is  closed  by  means  of  a  short-circuiting 
end  cap  (Fig.  1-1,  l-6(a)  )  which  makes  a  tight  sliding  fit  with  the  inner 
conductor.  To  maintain  the  inner  conductor  concentric  with  the  outer 
conductor,  HD-2  Styrofoam  is  used  to  fill  the  space  between  inner  and 
outer  conductors.  This  Styrofoam  is  turned  to  make  a  tight  fit  with  the 
outer  conductor,  a  good  sliding  fit  with  the  inner  conductor,  and  has  a 
slot  milled  for  the  probe  (Fig.  l-6(c)  ). 

The  coaxial  line  is  attached  to  a  7/8"  square  brass  supporting  tube 
(Fig.  1-1)  through  two  Line  Support  Brackets  (Fig.  1-1).  These  Line 
Support  Brackets  are  split  so  that  the  outer  conductor  can  be  retracted 
to  permit  installation  of  the  coaxial  line  assembly  in  the  Turntable  (Fig, 
1-7).  The  supporting  tube  also  contains  a  rack  along  which  the  Probe 
Position  Adjustor  and  Antenna  Length  Adjustor  ;  an  be  moved.  Verniers 
are  attached  to  the  carriages  and  a  centimeter  scale  is  attached  to  the 
supporting  bracket.  The  entire  assembly  is  attached  to  the  underside  of 
the  circular  disk  which  forms  the  turntable  top  (Fig.  l-9(a)  )  by  the  Top 
Mounting  Flange  (Figs,  l-l,  1  -6(b)  )  so  that  the  end  of  the  outer  conductor 
is  flush  with  the  top  of  the  groundplane.  The  assembly  is  attached  to 
the  Turntable  Bottom  T'ate  (Figs.  1-8,  l-9(b)  )  by  inserting  the  Bottom 
Support  (Fig.  1-1)  in  the  appropriate  hole  of  the  turntable  bottom  plate. 

Certain  measurements  require  the  antennas  to  be  short-circuited 
at  their  driving  point  or  at  some  other  known  point.  The  short  circuit 
must  maintain  good  electrical  contact  between  the  inner  and  outer 
conductors  and  not  extend  significantly  above  the  groundplane  surface. 

A  small  extension  above  the  groundplane  made  a  shoulder  possible 
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which  aerved  to  poaitivaly  poaition  the  ahort-circuiting  plugs  with 
reapect  to  the  groundplane  aurface  and  had  no  detectable  effect  on 
the  measurements . 

To  accommodate  a  Q.1250"  extenaion  of  the  ahort-circuiting 
pluga  into  the  coaxial  line,  the  Styrofoam  filling  ended  intide  of  the 
line  and  thin  Styrofoam  disks  were  uaed  to  extend  the  filling  to  the 
line  end  when  ahorting  pluga  were  not  required. 

When  uaing  thia  ahort-circuiting  plug  aa  a  reference  for  imped¬ 
ance  or  admittance  meaaurementa,  a  correction  muat  be  made,  since 
the  reference  plane  ia  inaide  the  coaxial  line  inatead  of  at  the  surface 
of  the  groundplane.  For  the  admittance  meaaurementa  discussed  in 
Chapter  2,  two  different  ahort-circuiting  pluga  were  uaed.  One  of  theae 
extended  0.3175  cm  and  the  other  0.2540  cm  into  the  coaxial  line. 

Conatruction  detaila  of  the  Balanced  Loop  Current  Probe  are 
given  in  Fig.  1-5.  It  ia  made  of  a  apecial  50  ohm  cable  obtained  from 
the  Preciaion  Tube  Company  of  Philadelphia.  The  inner  conductor  ia 
0.013"  in  diameter,  the  dielectric  ia  fiberglaaa,  and  the  outer  conductor 
haa  an  inner  diameter  of  0.031"  and  outer  diameter  of  0.039"  .  The 
probe  area  waa  approximately  2.24x  10-6  aquare  wavelengths  at 
663  Mcos  .  Thia  waa  choaen  aa  the  largest  probe  which  gave  no  evidence 
of  absorbing  excessive  amounts  of  power  from  the  tranamiaaion  line. 
Actually,  two  larger  probes  with  areas  of  about  58  x  10*6  and  19.  6  x  10‘6 
square  wavelengths  gave  evidence  of  broadening  the  current  maximum  on 
a  short-circuited  line. 

Measurement  errors  which  result  from  mechanical  irregularities 
in  slotted  lines  are  discussed  by  Ginaton  [6]  .  Two  aspects  are  particularly 
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important  for  the  equipment  being  discueaed  here.  The  alot  in  the 
inner  conductor  muat  be  o f  uniform  width  over  its  entire  length  and 
the  p’.obe  holder  muat  make  a  good  eliding  fit  both  with  thia  alot  and 
the  inner  conductor.  If  diatancea  between  the  inner  and  outer  con¬ 
ductor  are  maintained  by  filling  the  line  with  ahort  aectiona  of  Styro¬ 
foam.  aa  waa  done  in  the  linea  being  deacribed  here,  the  Styrofoam 
muat  be  carefully  turned  to  sice  and  ao  fitted  into  the  line  that  the 
milled  probe  alota  in  aucceaaive  aectiona  are  properly  aligned.  The 
lines  were  each  tested  by  using  the  short-circuiting  plugs  at  tne 
groundplanc  surface  and  measuring  the  current  distribution  along  the 
entire  line. 

1.  3  Measuring  Line  and  Antennas  -  Electrical  Characteristics 

HD-2  Styrofoam  made  by. Dew  Chemical  Company  waa  used  to  fill 
the  region  between  the  inner  and  outer  conductors .  Thia  material  ia 
deticribed  by  Dow  [7]  aa  having  a  relative  dielectric  constant  of 
approximately  1.07  and  a  lose  tangent  of  leas  than  4  x  10'4  .  Repeated 
measurements  of  Xo  ,  the  wavelength  in  air,  and  Xg  .  the  wavelength 
in  the  line ,  gave 

=  =  1 0289  «p  =  1.0586  (experimental) 

Thia  is  the  value  used  in  the  following  calculations .  The  conductivity 
of  brass  was  chosen  as  0Bra#-  =  1.200  x  106  mhos/meter  [8]  .  Thia 
ia  only  an  approximate  value,  since  the  actual  value  will  vary  considerably 
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with  different  lot*  of  brass.  663  Mcps  was  chosen  as  the  operating 
frequency.  The  various  parameters  are  [9] 


v  *  2nf  *  4. 166  x  10^  rad/sec. 


loss  t  ;.i..  h#  j  aHD -Z  <  *  I® mhos/meter 

innc  *+’.as  of  outer  conductor  b  =  3/8"  *  9.525(10'*)  meters 
outer  radius  of  inner  conductor  a  *  1/8"  *  3. 175(10'*)  meters 


shunt  conductance 
shunt  capacitance 


b/a  *  3 

-5 

g  «  ^  —  <  9.025  x  10  mhos /meter 

c  *  «  53.58  x  10' 12  farads /meter 


series  resistance  rsTv^*^^T5  s  ohms/meter 


Brass 


external  series  inductance  4*  *  In  b/a  *  2. 197(10'7)  henrys/meter 


distortion  factor  *  Tv  ~  *  x 


10 


-4 


conditions  for  low  loss  line 


&>2  *  <  1 


-£*-<<  i 


a  .  1079(10" 2),  .0404(10'2),  _£I_=.\362(10'7) 


u ic 


characteristic 


17 

'  impedance  Rc  »  y  —  =  64. 1  ohms 


m 


i 
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Rc  will  be  slightly  changed  by  the  1/16"  alot  in  the  inner  conductor. 
The  effect  of  the  alot  may  be  computed  from  [  10] 


Rc  4n2  b  -a2 


where  u  is  the  alot  width. 

attenuation 

propagation  constant  8  3  wjl9 c  *  14.29  rad/meter 


a  =^2~  [j+g]  =  1.060*  10*2  nepers/meter 


1 


phase  and  group  velocity  v  *  v  *  f ~  *  2.914  x  10  meters  /second. 


Summary: 


R  =  64. 1  ohms 
c 
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v  *  v  *  2.914  x  10®  meters/sec. 
P  8 


ft  =  1.060  x  10”  nepers/meter  c  *  53.58  M pf/m. 

8  =  14.29  rad/meter  l*  *  .2197  tih/m. 

,-4 


4  *  3  x  10" 
c 


r  =  .9874  n/m. 


1.4  Turntable  Mount 

Arrays  of  the  antenna  and  measuring  line  assemblies  were  mounted 
in  a  Turntable  Mount  (Figs.  1-7,  1-8)  which  attached  them  to  the  ground- 
plane  and  provided  a  means  of  rotating  the  arrays  for  pattern  measure¬ 
ments.  The  turntable  consists  of  a  Top  Disk  (Figs.  1-7,  l-8(a)  )  ,  a 
Bottom  Plate  (Figs.  1-7,  l-8(b)  )  ,  a  bottom  yoke  and  bearing,  and  two 
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connecting  rode  (Fig.  1-7)  .  The  top  carried  most  of  the  weight  and  waa 
•upported  on  six  Bearing  Supports  (Fig.  1-?)  .  These  bearings  were 
adjusted  to  maintain  a  good  sliding  contact  between  the  top  disk  and  the 
groundplane.  Locking  screws  in  the  bearing  supports  could  be  used  to 
raise  the  top  disk  slightly  above  the  roller  bearings  and  lock  it  against 
the  groundplane.  For  each  desired  antenna  location,  appropriate  holes 
in  the  top  disk  were  bored  and  reamed  to  0. 8125"  to  make  a  good  fit 
with  the  coaxial  line  outer  conductor.  To  permit  a  large  number  of  holes 
near  the  disk  center,  a  16.662"  section  in  the  disk  center  was  replace¬ 
able.  Plugs  (Fig.  1-7)  were  made  to  fill  the  antenna  position  holes  not 
being  used. 

The  bottom  plate  (Figs.  1-7,  l-8(b)  }  was  cut  from  0. 1250" 
aluminum  sheet  and  mounted  on  a  supporting  frame  made  from  0.6250" 
aluminum  bars .  Holes  to  support  the  bottom  end  of  the  measuring  line 
were  laid  out  with  the  same  center  locations  as  for  the  top  disk  but  were 
drilled  and  reamed  to  0. 3125"  .  Additional  disks  centered  and  bolted  on 
top  of  the  bottom  plate  were  used  to  prevent  the  required  holes  from  over¬ 
lapping.  A  circular  scale  with  |°  divisions  was  mounted  on  the  bottom 
plate  supports.  This,  together  with  a  reference  pointer  attached  to  the 
floor,  gave  the  angular  position  required  for  radiation  patterns. 

All  circular  arrays  were  designed  to  have  the  antennas  equally 
spaced  about  a  circle  so  that  the  antennas  were  actually  located  at  the 
apexes  of  equilateral  polygons  of  side  d  .  Insert  plates  (Fig.  1-8)  with 
a  wide  range  of  spacings  were  used  for  arrays  of  N  *  3,  4,  5  elements  . 
A  single  plate  was  used  for  N  =  2  .  A  listing  of  the  spacings  provided 
is  given  in  Tables  1-1  and  1-2.  For  a  circular  array  of  N  elements 


located  at  apexea  of  equilateral  polygon*,  d  ia  the  aide  of  the  polygon  and 
S  ia  the  radiua  of  a  circle  paaaing  through  the  apexea  ao  that 


e  _  d 

S  •  riln  n/N 

For  a  linear  array,  d  ia  uaed  to  repreaent  aim  ply  the  center-to-center 
diatance  between  the  element* . 


TABLE  1-1  TABLE  1-2 

CIRCULAR  ARRAY  S PACINGS  LINEAR  ARRAY  SPACINGS 

Xo  =  17.800  '• 


S(inchea) 

d  (inch#*. 

d/X 

N»3  . 

N*!»/ 

_N=5_ 

d/X 

X= 17. 800") 

0. 1250 

1.285 

1.574 

1.894 

.0625 

1.115 

0.1875 

1.928 

2.361 

2.838 

0.2500 

2.569 

3.148 

3.785 

.  1000 

1.780 

0.3125 

3.213 

3.935 

4.730 

0.3350 

4.217 

.5000 

7. 125  at 

0.3400 

5.148 

f=  828.5  Me  pa 

0. 3600 

5.451 

0.3750 

3.854 

4.721 

5.679 

0.4000 

5.035 

0.4100 

4.213 

0.4250 

5.349 

0.4375 

4.498 

5.509 

6.622 

0.4650 

4.779 

0.4750 

5.979 

7.274 

0.5000 

5. 138 

6.293 

7.571 

0.5150 

6.482 

0.5300 

5.447 

0.5400 

6.797 

0.5625 

5.783 

7.083 

0.5850 

6.012 

* 

0.6250 

6.423 

9.464 

0.6875 

7.068 

0.7250 

7.451 

* 

* 

0.7500 

* 

9.440* 

11.353* 

0.8750 

8.993* 

11.014* 

13.245 

1.0000 

1C. 278 

12.587 

*  indicate*  holea  are  located  on  main  diak.  Other  holea  are  on  inaert  plate «. 
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1.5  Grcundplane 

A  24*  x  48*  rectangular  groundplane  waa  avaiUbla  for  tha  experi¬ 
ment.  Ita  aurfaca  conaistad  of  0. 1250"  aluminum  plat  a*  faatanad  by 
atainlaaa  ataal  flat-head  acrawa  to  a  aupporting  atructura  of  3"  aluminum 
channala  and  6"  1  baama,  Tha  aurfaca  plataa  wara  all  •!'  wida  but  had 
langtha  of  12',  and  4*  and  war  a  arrangad  ao  that  tha  aaama  batwaan 
tha  plataa  wara  ataggarad  to  raduce  raflactiona.  Fig.  l-9)shows  tha 
arrangamant  of  tha  aurfaca  plataa,  tha  cornar  raflactor  antanna,  and  the 
circular  diak.  All  arraya  to  ba  uaad  in  tha  experiment  wara  confined  to 
the  area  of  tha  circular  diak  and  thia  wae  mounted  ao  aa  to  be  different 
diatancea  from  all  four  edgea  of  the  groundplane.  Tha  doaeat  edge  waa 
about  6.75  X  from  tha  diak  canter.  An  array  of  one  driven  and  two 
paraaitic  antennae,  tha  top  aurfaca  of  tha  circular  diak,  and  tha  adjacent 
groundplane  are  ahown  in  Fig.  1*10. 

* 

1.6  Groundplane  I  Probe 

A  aimple  method  of  adjusting  two  antennae  to  have  equal  amplitude 
but  opposite  phaie  is  to  place  a  charge  probe  midway  between  tha  antennae 
and  adjust  tha  phase  and  amplitude  of  one  until  no  power  ie  received  on 
the  charge  probe.  Tha  probe  used  for  such  measurements  with  this 
equipment  is  ahown  in  Fig.  l-6(g).  It  was  made  by  drilling  a  0.2500" 
hole  in  an  antenna  position  hole  plug,  attaching  a  Type  N  chassis 
connector  to  tha  plug,  soldering  a  wire  to  extend  the  inner  conductor, 
and  adding  a  Teflon  buahing  to  fill  the  space  batwaan  tha  cover  and 
inner  conductor.  Whan  placed  midway  batwaan  tha  antennae,  this  probe 
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provided  sufficient  aensidvity  ao  that  a  null  could  be  obtained  which  waa 
40*45  db  below  the  inphaae  maximum  condition. 

1.7  Corner  Reflector  Antenna  , 

■  i 

i 

Dimensions  of  the  corner  reflector  r/ere  baaed  on  the  experimental  j 

work  of  Harria  [  1 1  ] .  and  detaila  of  the  actual  antenna  ueed  are  ahown 
in  Fid .  1-11.  The  reflector  aidea  were  approximately  X/2  high  and 
2X  long  and  the  aeaociated  monopole  waa  X/4  long.  The  reflector 
waa  faatened  to  the  groundplane  by  1"  aluminum  englea.  Several  folda 
of  aluminum  foil  were  placed  between  the  angle  bracketa  and  groundplane  j 

to inaure  good  contact.  A  diatance  of  0.975  X  (17-3/8")  between  the  j 

monopole  and  reflector  corner  wae  found  experimentally  to  produce  beet  j 

reaulte.  For  thie  monopole-to-reflector  diatance  the  gain  waa  about  ’ 

J 

12  db  above  that  of  the  monopole  with  no  reflector.  The  radiation  pet- 
term  could  not  be  measured,  but  aome  estimate  of  the  main  beam  shape 
could  be  obtained  by  rotating  the  reflector  about  the  mono  pole  while 
transmitting  from  the  measuring  line  and  antenna  located  on  the  circular 
disk.  In  this  way,  the  beam  was  found  to  be  about  40  degrees  wide  and 
to  have  no  aide  lobes  higher  than  11-12  db  below  the  beam  maximum. 

1.8  Transmitting  and  Receiving  Equipment 

Simplicity,  operational  reliability,  and  equipment  availability  were 
foremost  considerations  which  led  to  an  amplitude  modulated  transmitting 
and  receiving  system  ahown  in  Fig.  1-12.  Aprroximately  250  milliwatts 
of  power  at  663  Mcps  was  provided  by  a  General  Radio  Type  1209-B 
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unit  oscillator .  This  wti  approximately  30%  modulated  by  a  General 
Radio  Type  1214-A  Unit  Audio  Oacillator  operating  at  1000  epa  .  A 
3  or  6  db  attenuator  was  ueed  to  pad  the  oacillator  so  that  die  net 
power  available  for  the  experiment  was  50-100  milliwatts.  For  most 
measurements  this  gave  an  operating  range  of  25-35  db  above  the 
receiver  noise  level.  The  only  difficulties  caused  by  this  limited 
sensitivity  were  experienced  in  measuring  the  current  distributions 
on  parasitic  elements  when  0h  *  tt  ,  ^  .  For  these  measurements 
ten  to  twenty  db  greater  sensitivity  would  have  been  desirable . 

IN21  crystals  and  holders  used  for  detection  were  matched  to  a 
VSWR  of  1.05  or  less  over  the  range  of  incident  power  used.  Signals 
from  the  crystals  were  amplified  by  Electronic  Corporation  of  American 
Type  TA  A- 16  EA  bolometer  amplifiers  and  fed  to  Ballantine  Type  300 
or  Type  3000  voltmeters.  Several  of  these  combinations  were  used 
at  different  points  in  the  equipment.  Only  those  units  actually  ueed  for 
measurements  were  calibrated. 

The  matching  units  consisted  of  either  Microlab  Model  S2-05N 
double  stub  tuners  or  a  combination  of  General  Radio  Type  S74-LK  line 
stretchers  and  sliding  short  circuits.  Considerable  vibration  problems 
were  encountered  with  all  of  the  equipment  and  it  was  finally  mounted 
with  foam  rubber  pads  on  0.7500"  plywood  sheets  which  were  fastened 
to  a  brick  wall.  The  amplifiers  were  pieced  on  foam  rubber  pads  in  a 
sturdy  metal  rack  which  also  was  fastsned  to  the  brick  wall.  The 
mounting  arrangement  is  shown  in  Fig.  1-13. 
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The  phase  of  an  unknown  signal  could  be  measured  by  differencing 
the  unknown  signal  and  a  reference  signal  from  the  directional  coupler 
(Fig.  1-12)  .  A  coaxial  hybrid  tee  and  matched  detector  served  as  the 
differencing  device.  The  electrical  path  length  of  the  reference  signal 
could  be  varied  by  means  of  a  phase  line,  which  was  a  rigid  coaxial 
line  terminated  in  its  characteristic  admittance,  but  otherwise  very 
similar  to  the  lines  described  in  Sections  1.2  and  1.3  .  A  reference 
signal  from  the  directional  coupler  was  introduced  into  the  phase  line 
through  a  side  arm  feeding  stub  and  extracted  through  a  probe  which 
could  be  moved  along  the  slotted  inner  conductor.  On  a  flat  line  (VSW R 
=  1.000)  the  electrical  path  length  through  the  phase  line  is  directly 
proportional  to  the  distance  from  the  feeding  stub  to  the  probe.  When 
adjusted  for  best  match,  the  phase  line  still  had  a  VSWR  ~  1.05  . 

With  this  system,  relative  phases  are  measuredby  introducing  both 
the  unknown  and  reference  signals  into  a  hybrid  tee  and  adjusting  the 
path  length  of  the  reference  signal  by  known  amounts  until  a  null  is 
indicated  by  the  detector.  A  sharp  null  is  obtained  only  if  the  unknown 
signal  and  the  reference  signal  have  very  nearly  equal  amplitude*.  For 
the  measurement  of  phase  along  an  antenna  which  has  wide  amplitude 
variations,  this  requires  frequent  amplitude  adjustments  to  the  reference 
signal  with  their  associated  phase  corrections. 

Two  improvements  which  were  not  available  at  the  time  of  this 
experiment  can  considerably  increase  the  ease  and  accuracy  of  phase 
measurements.  The  first  of  these,  discussed  by  Whiteside  [  12],  consist* 
of  replacing  the  phase  line  by  a  General  Radio  Type  874-LT  constant 
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impedance  trombone  line  stretcher.  When  mounted  on  e  firm  base  and 
fitted  with  a  rack,  pinion,  scale,  and  vernier  this  type  of  line  etrexher 
makes  an  excellent  constant-amplitude  -UHF -phase  shifter  which  is  not 
only  much  smaller  physically  than  the  phase  lines  described  above,  but  which  . 
also  introduces  essentially  no  standing  wave.  The  second,  discussed  by 
King  [  13]  and  by  Burton  [  14] ,  involves  the  use  of  a  balanced  detector 
instead  of  a  single  detector  at  the  output  from  the  hybrid  junction.  This 
system  provides  a  deep  null  which  ie  independent  of  the  relative  amplitudes 
of  the  unknown  and  reference  signals. 


1.9  Detector  Calibration 

The  crystal,  amplifier,  and  meter  were  calibrated  as  a  unit  by 
using  the  region  about  a  current  maximum  on  a  short-circuited  measuring 
line  described  in  Sections  1.2  and  1.3.  If  a  tv«nemission  line  is  termi¬ 
nated  in  a  reasonably  good  short  or  open  circuit,  the  current  distribution 
near  the  maximum  follows  a  cosine  law.  The  calibration  procedure  was 
to  set  the  amplifier  gain  to  a  convenient  level,  adjust  th*i  power  to  the 
desired  starting  levei,  and  to  then  measure  the  half-power  curve  widths 
for  a  number  of  different  power  levels.  The  response  law,  n  ,  is  given 
b,  1 15] 


»■  ‘0>  ‘/Z.L 

log  cos  (P) 

where  L  *  distance  between  half-posrer  points. 


(1.1) 


Xg  *  wavelength  on  measuring  line. 
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Results  from  such  measurements  are  given  in  Table  1-3  and 
indicate  an  average  response  law  of  n  =  2.04  +  .02  for  meter  readings 
between  .01  and  6.30  volts,  or  a  useful  range  of  ab*ut  30-35  db  . 

For  several  power  levels  the  entire  distribution  curve  in  the  vicinity  of 
the  maximum  was  read,  graphed,  and  the  half  power  points  determined 
from  the  graph.  The  values  of  n  from  this  data  ranged  from  1.99  to 
2.01  .  Thus  the  response  was  assumed  to  be  square  law  over  the  useful 
range  of  meter  readings.  Periodic  checks  during  the  experiment 
indicated  no  substantial  change  from  square  law. 

When  the  calibration  is  done  on  a  carefully  constructed  slotted  line 
using  a  probe  which  does  not  load  the  line,  the  principal  error  in  n  comes 
from  uncertainty  in  locating  the  half-power  point* .  Each  half-power  point 
for  which  the  distribution  curve  was  not  plotted  could  be  found  to  about 
+  .02  cm  corresponding  to  a  total  uncertainty  in  L  of  +  .04  cm  .  The 
effect  on  n  of  this  uncertainty  in  L  may  be  found  by  forming  the 
derivative  of  equation  (1. 1). 

IT  =  lo»!0  c  t  it— ^ SI  <>-2> 

l0*»co*ir 

£ 

assuming  a  response  law  near  2  ,  ^  ~ ^  ,  and  \  -  43.90  cm 

t  F 

=  2.874  ^^-  =  .00822  (1.3) 

n  X 


i 


This  corresponds  to  the  most  probable  error  of  +  .02  computed  from 
the  values  on  n  in  Table  1-3. 
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TABLE  1-3 


DETECTOR  CALIBRATION 
J^;/2  =  21.935  cm 


Output 

meter 

reading 

(volts) 

Location  of  Half 
Power  Points 

L{cm) 

n 

lst(cm) 

2nd  (cm) 

24-3 

35.10 

22.93 

12.17 

lt573 

19.8 

34.85 

23. 16 

11.69 

1.728 

15.8 

34.65 

23.335 

11.315 

1.860 

12.3 

34.55 

23.435 

11. 115 

1.938 

9.80 

34.60 

23.45 

11.15 

1.925 

7.93 

34.545 

23.48 

11.065 

1.960 

6.30 

34.46 

23.59 

10.87 

2.041 

5.03 

34.46 

23.58 

10.88 

2.038 

4.00 

34.425 

23.57 

10.885 

2.052 

3.12 

34.  39 

23.57 

10.82 

2.064 

2. 5i 

34.46 

23.55 

10.91 

2.025 

2.00 

34.42 

23.59 

10.83 

2.060 

0.98 

34.46 

23.59 

10.87 

2.041 

0.79 

34.465 

23-55 

10.915 

2.024 

0.78 

34.50 

23.525 

10.975 

1.999 

.620 

34.47 

23.59 

10.88 

3.038 

.495 

34.50 

23.55 

10.95 

2.008 

.396 

34.44 

23.61 

10.83 

2.060 

.396 

34.42 

23.63 

10.79 

2.077 

.320 

34.46 

23.61 

10.85 

2.051 

.250 

34.50 

23.60 

10.90 

2.030 

.  198 

34.47 

23.60 

10.87 

2.041 

.15,' 

34.43 

23.62 

10.81 

2.068 

.  123 

34.43 

23.61 

10.82 

2.064 

.  100 

34.46 

23.60 

10.86 

2.C40 

.0790 

34.49 

23.57 

10.92 

2.022 

.0790 

34.50 

23.56 

10.90 

2.030 

.0630 

34.45 

23.60 

10.85 

2.051 

.0500 

34.49 

23.60 

10.89 

2.034 

.0390 

34.46 

23.61 

10.85 

2.051 

.0313 

34.47 

23.59 

10.88 

2.038 

.0200 

34.50 

23.57 

10.93 

2.017 

.0200 

34.50 

23.58 

10.92 

2.022 

Average 

n=  2.04  between  .01  and  6.30  volts 

Moat  probable  error  An  =  +  .  02 
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1. 10  Tests  for  Spurioui  Groundplane  Reflection! 

Several  potential  source!  of  error  in  the  measurements  are  con* 
tained  in  the  groundplane  arrangement  of  Fig.  1-10.  Reflections  from 
the  edges  of  the  groundplane,  reflections  from  seams  between  the  sur¬ 
face  plates,  and  erratic  electrical  contacts  between  the  circular  disk 
and  the  groundplane  may  all  contribute  irregularities  to  the  measured 
radiation  patterns  and  admittances.  Except  near  the  driving  points, 
the  current  distributions  will  not  be  seriously  affected  by  small  changes 
in  currents  along  the  groundplane .  The  actual  reflection  coefficients 
of  the  groundplane  edges  wer  >  not  measured  but  several  attempts  were 
made  to  find  irregularities  in  the  measurements  which  might  be  caused 
by  such  reflections. 

When  the  antenna  radiation  pattern  has  a  deep  null  pointed  toward 
the  corner-reflector  receiving  antenna  (Fig.  1-9),  the  beam  maximum 
may  be  pointing  toward  the  reflector  edge  at  a  correct  angle  so  that 
energy  from  the  edge  is  reflected  toward  the  receiving  antenna.  An 
attempt  to  find  such  interference  is  shown  in  Fig.  1- 14  which  is  the 
measured  And  theoretical  pattern  for  a  two-element  array  fed  with 
equal  amplitude  but  opposite  phase.  There  is  no  evidence  of  interference 
over  the  25  db  range  of  measurement. 

A  square  groundplane  as  large  as  6X  on  a  side  has  been  shown 
by  Meier  and  Summers  [  16]  to  produce  serious  errors  in  the  measured 
reactances  of  single  antennas  with  h/X  both  near  1/4  and  1/2  .  The 
larger  rectangular  groundplane  with  the  antennas  mounted  off  center 
as  used  here  may  be  expected  to  have  much  less  effect  on  the  admittances, 
and  its  effects  should  be  a  function  of  the  array  orientation  with  respect 
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to  the  various  groundplane  edges.  Table  1-4  contains  the  results  of 
admittance  measurements  on  a  three-element  array  for  several  values 
of  h/X  and  array  orientations.  Variations  in  the  results  are  all  within 
the  expected  uncertainties  in  measurement  discussed  in  Chapter  2  and 
indicate  no  detectable  effect*  from  the  finite  sise  of  the  gro'indplane . 

With  a  single  transmitting  antenna  of  length  h  ~  X/4  located  at 
the  end  of  the  row  of  position  holes  for  linear  arrays  (Fig.  l-8(a)  )  , 
the  vertical  component  of  the  electric  field,  E_  ,  was  measured  across 
the  disks  in  steps  of  X/16  by  inserting  the  groundplane  E  probe 
(Section  1.6)  in  the  appropriate  holes.  In  the  north-south  orientation 
the  line  of  measurement  was  parallel  to  the  long  side  of  the  groundplane 
and  in  the  east-west  orientation  parallel  to  the  short  side  of  the  ground- 
plane.  The  results  in  Fig.  1-15  are  normalised  to  p  *  X/4  and  agree 
with  the  expected  theoretical  variation  for  p  >  .  1875X  .  Again  no 
disturbances  from  spurious  reflections  are  indicated.  For  a  sinusoidal 
current  distribution  (  17] 
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Rlh  =^I+h)*+p2  ,  R2k  =/(s-h)V  ,  Ro*\fcT7~? 


Let  x  =  0  ,  0h  =  it/2  . 
Then 
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TAB  LI  1-4 

ADMITTANCES  TOR  DIFFER  IN  T  ARRAY  ORIENTATIONS 
N  ■  3  ,  d/X  *  0.5000 


h/X 

Driving 

Condition*  Volt-  p 

JliL  -  _ 

0.6250 

Disk  Lockod 

B 

0.151 

C 

0. 151 

0.6250 

Disk  Unlocked 

B 

0.153 

Bonn)  U  NW.SE 

C 

0. 151 

0.6250 

Boom  is  NE.SW 

B 

0.152 

C 

0.149 

0.6250 

Boom  is  E.W 

B 

0.152 

C 

0.151 

0.6250 

Boom  is  SW.NE 

B 

0.152 

C 

0. 153 

0.2500 

Boom  is  NW-SE 

B 

1.126 

C 

0.647 

0.2500 

Boom  is  NE-SW 

B 

1. 117 

C 

0.644 

0.2500 

Boom  is  E-W 

B 

1. 126 

C 

0.642 

YSA  Y11  YI2 


Ro 

_Im_ 

Ro 

1m 

Ro 

Im 

1.48 

1.61 

4. 19 

4.94 

1.48 

4.19 

-0.13 

-0.74 

1.50 

1.60 

4.19 

4.92 

1.50 

4.19 

-0.10 

-0.73 

1.48 

1.57 

4.19 

4.90 

1.48 

4. 19 

-0.10 

-0.71 

1.48 

1.60 

4.17 

4.92 

1.48 

4.17 

-0.11 

-0.74 

1.48 

1.62 

4.18 

4.92 

1.48 

4.18 

-0.14 

-0.73 

9.63 

5.98 

0.19 

-3.16 

9.63 

0.19 

3.65 

3.35 

9.67 

5.98 

0.20 
•  3.18 

9.67 

0.20 

3.68 

3.39 

9.63 

5.99 

0.17 

-3.21 

9.63 

0.17 

3.64 

3.38 

-1.094 

-1.019 

-1.094 

-1.020 

-3.095 

-1.023 

-1.096 

-1.021 

-1.095 

-1.020 

0.022 

0.905 

0.019 

0.903 

0.027 

0.900 


0.2500  Bum  is  3W-NE  B  1.128  0.023  9.62  0.19  9.62  0.19  3.65  3.36 

C  0.645  0.906  5.97  -3. 16 
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1.11  Tnt»  for  Probe  Lo*dln«  and  Senaitivity  to  Dipole  Mo4m 

When  a  probe  extract*  sufficient  power  from  the  tranemteeion  line 
to  produce  maaaurable  change*  in  the  diatribution  along  the  tranemlaaion 
line,  the  probe  ie  aaid  to  load  the  line.  The  u*ual  effect  of  probe  loading 
io  to  make  the  obeerved  maxima  and  minima  appear  dlaplaced  by  differ¬ 
ent  amounta  from  their  true  location  and  tn  make  the  obaervad  maxima 
appear  lower  and  broader  than  the  true  maxima  [  18,19]  ■  On  a  ahort- 
circuited  line  there  will  be  no  ahift  of  the  minima  but  the  ahlft  of  the 
maxima  and  broadening  ehould  be  graateat.  Fig.  1-16  ahowa  the 
current  maxima  on  a  ahort-circuited  line  meaaured  with  the  balanced 
loop  probe  deacribed  in  Section  1.2,  The  theoretical  curve  ie  computed 
from 


i 


l 


P  *  20  log  |l|  *  20  log  co*  2n  2/Xg  (1.7) 

where  l  it  the  diatanc*  along  the  line  from  the  maxima  and  Xg  ia  the 
wavelength  on  the  line.  A  610  A  bolometer  and  Hewlett  Packard  Model  ( 
415B  a  tending  wave  indicator  waa  uaed  a*  detector  to  inaure  a  true 
aquare  law  reapona*.  In  Fig.  1-16  the  experimental  value*  agree  to 
within  0.2  db  with  the  theoretical  value*.  There  i*  a  very  alight  indi¬ 
cation  of  aaymmetry  about  the  maxima  but  thi*  will  be  negligible  with  any 
admittance*  of  intereat  terminating  the  line.  The  probe  deacribed  in 
Section  1.2  waa  actually  the  amalleat  of  three  probe*  which  were  tried. 

The  two  larger  probe*  aerioualy  loaded  the  line,  creating  broadened 
and  aaymmetric  maxima. 
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A  detailed  diccueaion  of  probe  properties  ia  given  by  White  aide  [  12] . 
His  general  conclusion  is  that  a  center-loaded  circular  loop  which  is  care¬ 
fully  made  and  which  has  a  diameter  less  than  0.01  \g  will  neither 
seriously  load  a  transmission  line  nor  have  an  undue  sensitivity  to  the 
electric  field.  The  probes  described  in  Section  1.2  have  a  diameter  of 
0.0047  \g  and  so  come  well  within  the  "small  probe"  requirements  at 
the  measurement  wavelength  of  43  cm  . 

If  a  center -loaded  loop  is  to  be  used  as  a  probe  to  measure  the 
current  distribution  along  a  cylindrical  conductor,  currents  maintained 
in  the  probe  by  the  electric  field  must  be  negligible  compared  to  those 
maintained  by  the  magnetic  field.  Consider  the  usual  cylindrical 
coordinate  system  p  ,  0  ,  *  ,  with  the  antenna  and  coaxial  line  con¬ 
centric  with  the  vertical  *  axis.  Let  the  groundplane  surface  lie  in  the 
t  =  0  plane,  the  coaxial  line  extend  along  the  negative  a  axis,  and  the 
outer  conductor  be  terminated  at  the  groundplane  surface.  Inside  the 
coaxial  line  away  from  the  ends,  the  only  fields  are  [  20] 
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(1.8) 

(1.9) 


where  I#  =  current  in  transmission  line  load 
T(  =  reflection  coefficient  of  load 

y  =  it  +  jfl  -  propagation  constant  along  the  transmission  line 
w  =  distance  to  the  load 

c  =  absolute  dielectric  constant  of  material  filling  the  coaxial  line 
v  =  phase  velocity  in  the  coaxial  line  . 
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Current*  maintained  in- opposite  direction*  on  opposite  side*  of  the 

probe  are  said  to  be  in  the  tranamiaaion-line  mode  and  those  in  the  same 

directions  on  opposite  sides  of  the  probe  are  said  to  be  in  the  dipole 

mode  [21],  Bg  maintains  a  transmission-line  mode  circulating  current 

in  the  probe.  E^  which  is  tangent  to  the  horisontal  eider  of  the  probe 

maintains  currents  in  these  sides .  If  the  w-variation  in  Ep  is  essentially 

constant  over  the  probe  diameters,  and  if  the  probe  gap  is  perfectly 

symmetrically  located,  the  currents  due  to  will  charge  both  sides 

of  the  gap  equally  and  therefore  cause  no  net  circulating  current  in  the 

probe.  Only  near  the  voltage  minimum  on  lines  with  very  high  standing 

wave  ratios  will  E  vary  sufficiently  rapidly  with  w  to  cause  trouble . 

In  th*s  region,  however,  Bn  will  be  near  a  maximum  and  E  near  a 

v  p 

minimum  so  that  probe  currents  due  to  E^  will  be  negligible  compared 
to  those  due  to  Bg  . 

Since  the  probes  are  mechanically  difficult  to  construct,  each  should 
be  tested  experimentally  for  symmetry.  This  can  be  done  through  two 
measurements  on  a  short-circuited  line.  For  a  lossless  line  and  a  perfect 
short  circuit 


a=0  ,  T  =-l 


B0=ZnV“p  co,#w 

o 


(1.10) 


jI.  !I. 

Ep  =  IrTTcT  co#  8(w  +  x/4)  =  InTiT  ,in  Sw 


d.ii) 
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The  probe  current  ie  then  (Ref.  [  12],  equation  VII- 10b) 


IL(w)  =  SB  coe  8w  +  jSg  cos  8(w  +  X/4) 
=  S_[  cos  8w  +  j  c  cos  B(w  +X/4)  ] 


(1.12) 


(1.13) 


where  Sg  and  Sg  are  sensitivity  constants  depending  on  the  mechanical 
configuration  of  the  probe  and  s  is  an  error  ratio  defined  by  S=Sg/Sg  . 
In  the  method  suggested  by  Whiteside,  the  relative  probe  current  is 
measured  with  the  probe  located  first  at  wq  =  \/4  (Bp  min)  and  then 
with  the  probe  located  at  *j  =  X/2  (Bp  max).  Then 


or  20  lolll^wpl  =  201o*lg|l3201o*l«l=«db  (1,U) 


Because  of  limited  power  and  sensitivity  such  measurements  could  not  be 
made  exactly  with  the  system  described  here,  but  the  results  indicated 
to  be  less  than  -25  db  for  all  of  the  five  probes  used. 

A  further  check  of  the  probe  symmetry  can  be  made  by  measuring 
the  current  distribution  about  a  current  minimum.  On  either  side  of  a 
current  null  Ep  is  near  a  maximum  and  essentially  constant  in  amplitude 
and  phase,  while  Bp  changes  by  180°  in  phase  through  the  null.  Any 
contributions  to  the  probe  current  by  £0  will  add  to  those  from  Bp  on 
one  side  of  the  null  and  subtract  on  the  other,  producing  an  asymmetry 
in  measurements  through  the  null.  The  result  of  such  a  measurement  is 
shown  in  Fig.  1-17.  Points  about  the  minimum  are  symmetrical  within 


«• 
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the  accuracy  of  measurement  indicating  Jow  probe  eeneitivity  to  E^  . 
As  pointed  out  by  Whiteside,  such  asymmetry  in  the  standing  wave  is 
caused  only  by  the  Imaginary  part  of  the  error  ratio.  The  real  part  of 
e  contributes  nothing  to  such  asymmetry. 

Along  that  portion  of  the  conductor  which  extends  above  the 
groundplane  to  form  the  antenna,  the  preceding  remarks  .about  E^ 
still  hold.  However,  the  situation  in  this  region  is  complicated  by  ■ 
the  existence  of  Eg  which  is  sero  along  the  conductor  but  is  not  '.’aro 
a  short  distance  away  where  the  probe  gap  ie  located  and  hence  can 
maintain  currents  in  the  probe.  Assuming  the  sensitivity  to  Ep  to  be 
negligible,  the  current  in  the  probe  is 


SE  E. 


1l*sb(vV+se,c.,sb<vM1+8“  -sb(vV1  +  «^  1  (1’15) 
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c  as  measured  above  is  about  0.06  .  Consider  a  half  wave  dipole 
(h  *  X/4)  for  which  the  fields  are  [  17] 
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(1.16) 
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rlh  r2h 

j.  JXm‘o 
Kp  ~TWo~ 

r  2^  .*j*rlh  +  L±,-J*r2hi 
rlh  r2h 

(1.18) 

rlh  W(h-s)^+p^  ,  r2h  */(h+s?+p*  ;  0  *  PQ  *  probe  radius  «  0.00221  Xo  . 
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*  =^£[1  ei^lh-'2h>]  - i - 

0  lh  2h  [  i+*J*(rlh-r2h)] 


(1.19) 

(1.20) 


When  the  probe  is  located  very  near  r  =  0 


|^-|  *  *  8. 84(10‘2) 

vB0  *=0  rlh 


and  the  error  term  becomes 


l«ng-|  r  *®053M 

VB0 

so  that  when  the  probe  is  located  near  the  cen'.er  of  the  antenna  (s/X  »  0), 

currents  in  the  probe  maintained  by  E  will  be  insignificant  compared  to 

£ 

those  maintained  by  Ba  .  As  the  probe  is  moved  toward  the  antenna  end 
E  * 

at  s  >  h  the  ratio  -r  increases.  Equation  (1.20)  gives  the  following  values: 
0 

TABLE  1-5 


E 

g 

E 

E. 

s/X 

J*! 

.20 

-.0245  +°j  0.0605 

.0653 

.003918 

.21 

-.0452  +  j  0.1195 

.  1278 

.007668 

.22 

-.0672  +  j  0. 1799 

.  1921 

.011526 

.24 

-.0568  +  j  0.5542 

.5571 

..033426 
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Thua,  the  a  mall  prdbe  deacrlbed  in  Section  1.2  will  give  an  accurate 

indication  of  Bq  nearly  to  the  antenna  end  at  a  *  h  .  If  the  probe  were 

much  larger  or  much  leaa  aymmetrical,  ita  uae  to  accurately  mvaaure 

£ 

B0  would  be  reatricted  to  s/h  <  .85  .  Although  -Jr-  haa  been  calculated 


apeciflcally  for  h  =  \/4,  the  behaviour  near  a  -•  h 
for  other  valuea  of  h  . 


will  be  aimilar 


i 
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FIG.  1-4  SHORTING  PLUG  |  FIG.  1-3  ANTENNA  AND  PROBE  ADJUSTER  CARRIAGE 


FIG  l-8o  TOP  CIRCULAR  DISKS  AND  INSERTS  FIG.  I -8b  BOTTOM  PLATES 
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FIG-  1  10  CIRCULAR  DISKS  WITH  ANTENNAS  IN  PLACE 


FIG.  1-11  CORNER  REFLECTOR  ANTENNA 


FIG.  1-12  RECEIVING  AND  TRANSMITTING  EQUIPMENT 


FIG.  I- !3  EQUIPMENT  MOUNTING  ARRANGEMEN" 


FIG.  1-17  MINIMUM  ON  SHORTED  LINE,  SHOWING 
SYMMETRY 


:tr# 


"V  fyffH 

s«*«4**4|  *  J*  «»H»m 
rvlMoiN  «•#•  «4  +it  * 
*>M»  b  J«  ■*.  j.  t 

<  WWlM-M 

W-*  *  *•»  »w»’  « 

&*••**  H  .»* 

*  *+  •»>•«  *• 

Hudk***) 

•*<«««►  **»•••  <m  k|H  j 

»MM<.  »»!-  >»...l 


«»  *•  *»—«  »•«  h»+T-*— •• 

»'  #  *  * 

JsrsB.n«f, 

tfrr**r*  s  *»•♦•  <»  *«<  ♦ 

£*•**••!• vss* .« 
rTr^^r— 

fcsrfi7r-<  , 


£££•£7  7-  ■ 

tSSHS**: 

.I.M.  4r*«OT*OT‘. 

f*«4 

Kr^ri77-' 

►*•■  *•.  A« 

Snir*  m  /«•  «  Urn 


ZT 1 

H«  M< 


'OT  *«♦*♦« 

*•  It*-  l«w»r  *«k 

*•►.»  "•i"***.*  •«*!'  - 
*»•  ••**•».  •»  • 

\sr?&zz.: 


w  •»« 

I  .  *»  •  tM. 

tM«.  Vlff 


"i*N,  f  -L.  ♦  * 

"  -t.viv 


if  %  <*  <«•»•' 

**•  *«Xi  mT*./**** 

y  l  *  «»« f»<*  y»>  <*•«* 

t‘^4r-  /I  “» 7** 

4—  *-1 

*>*•*•  •• 

4m  <M*»  <1,  I*  4m*« 
►•>*«»  Pot- 
»OT«**  •»<«»«  OTi  .»<««  N 

^"cP—1 

Crr^J^rf, _ 

iw»w«,  » <•« 

J<U^( 

{*?!■■» 

••MOT  M  OT.« 


pS.TT- 

4  4«ot««  ♦.»  *••» 


OTM»-<  «•  *  #•' 

*’•<•«*  *  *  »•« 

•  *1-  i#*-*;.*  <•<■* 
M.JOTM-'  IM  NJ 
«■•<•••  I  *• 

»  *  ■**»■♦■•  •* 


tL£T££.>_ 

ElggSfe^ 


g.  M_  W . 

feQtSHs- 

grcggr* 

SrPfcr- 

S'S5’ 


ps»{;»«»y  . 

«wjl» 
wr«sr 

esaagfet* r-1 


i35v.£i*-*  iftnssE«a«.  E^gtfgar" 

*-*»■••*■•* +*mm»  •*-••  •*»  *HPW  ■ . . 

f— ‘  ffiaesvesxB  B&S“Isr 

WOT  OT<#  _  -  ,  - . 

j  -  **  *  ■*•  **  **••**  •**  MtfWMM  — 

tr  t*  *•;#■  wmjm* 

•-»  «•>*  5^5*? 

•  — S2m83T 

•  i  »  OTM 

gg5th 

•«»»•«•<«•  •  wS  •* 

*<•>■«•»  "■ «  ••*■!  >!»«»»■«»  fmmm 

*-*  H  ♦  *OT*'  Ul*M  - 

u.X^x  Jjj  tEiVUSSi 

asr.y^;ys~ .  EaJTsSZ 

EjvrfiW*'  £&£==— 

*++t  *  *«.,  ftfOOT 

*»»  "»»«  •«  «•**  *N|OT 

***■  **  *•  fr'  *T?rrv.t  m 

—  sig'iSrrt^OT 

{‘f  N«'»-  -I  OTMjOTM.r*OTOT 

rryrr  * 4  »«»*»-*.-<«- 

|<  »«  » ^h.  ot*  »•  SNMtjOT^^^yy 

»•••*« «l*  »  ■ 

•—  •  «  »•  <  •  *OT 

jw  «•»—  OT^tif 

»>•*»-♦  m»>h  *>•'■<••  -•'4+mmmp 

y  *  +»+  WWOT  OT'OTOT 

***•”  •••** 

_  tnsTsza 

••<  t*4  Ml«f  Mi  •»■  MOT  ».••• 

WimIotmM 

>-••**♦» 

v  «  »  ••  ►»*•**  • 

•  •  *  «  •*  «  •*  •  «•'*  **«•'■» 

•»!  •••  •’  ♦  » 

•*»•!•  «  T.  .  - 

OT  '■ 

4  «»•«»«•»  -4  »*■*•» 

•  ••  •  >«  i  »-  •'«• 

.  ««.»«•*  «<M 

•  •<  •  •  <«  •■ 

.  *rr  \r:\  tsrim'szt 

»•*•*•  •  I  l«M 

•»♦»-.•  t 

•  ..  ».  —  -- 

. .  cr?ir.»OTOT 

i.r-1  I|»M4|||4M'.4«OT<  '  — 

i.  ••*•«•••  •*  ototmW 

••••*•*.  '  •  OT'» 

•-4  Mil  ■>•■  •  4«fOT 

OTM  OT*«OT  4t  4m  fc—IOT 
Mi  OT  OTfOT—  >■■■» 

»  »  >.«■«  >«OT4||  liWlil  tOT  «*  MlOTOTi 

IK  44M.  ft-^OT  c_.  ^ 

fOTMffiii  W«i«4M  ,,*•#.  *OT*»i 

4m<  tIM  !,■*••  lOTl  Mi  • 

P  *  *•/*  m*otototot 

1*  ♦**♦»  <•  >MM»  »  I44»'i'<«w 

moti*  «»*•>«•  r#4  •  •-  4«»*  _ 

♦  »•«■»«  ••♦»»  ”•♦4  '  •  **»«M  •*•  4OT •••  OTOTOTOT 

4<M  »•  .  ».  OT  »4»  „•«*»■■  — 

*  ■■!■•<  ♦  ’•••  P»»  *•»* 

•  •OT  #OT«>  *OT»OT-  ■»•■»• 

*  •  •'•!•••  4i  »!*'•  4M 

M*  i.M 

rr  '.rT^T.Tr . 

trrr.Tj.rs*,,  g^frz, — 

rats—  arer^ 

trr^r.r^rj.  i^r»trr  - 

•«  »«♦<•  'ot* _  uyjrTa  1 

AmT  %*VVV  ••  •  »y  .  . 

♦  ***.. 

(.iU4WMi|#4i)iD  - - -  - - - 

.7*  •:-r.  5%  .ot 

brju^r'~ 

OT.tr  gisjsjsv&r 

Pv.7ot.u;7';%ot’  •*tr^s 

*■■•  ••  •  <  •— -  crT;«,.»., 

•*-v.* ;,  ••■•  ■  ■“  riv  r2~— 


MIU»  •%»,«  «"*»* 


scs. 


tmSSpS  Mk 


►  ••8*2 
»rv*** 


ttsije: 
tisirirwr 

•  Jt*  ••♦OT'Wfc  «H4« 


T"  «ot*  •••■•  ■•>••> 

'-4  >44W|  <4>p  >«p»< 


9»OTt> ».  »  •  »  1 


Best  Available  Copy 


